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IS. DISTRIBUTION STATEMENT (of this Report)
Approved for public release; distribution unlimited. An improved double Michelson laser interferometric dilatometer with an inexpensive automatic signal proce sor is described. The unit is suitable for studying materials having near zero coefficients of thermal texpanson (CTE) ranging from 100 to >450 K_ hL4L values to a resolution of'I 0-" and instantaneous CTE values (to < Qq can be plotted in real time at regular intervals (30 a) to give tim related absolute expansion data of noncontacted samples of arbitrary shapeor size. In the -latter system, the harmonics of the modulated fringe pattern, detected by a *" single photodetector, are compared to generate the required phase information. Drawbacks included a requirement of >1 kHz modulation frequency to achieve adequate immunity from sample vibration-induced noise. This in turn required piezoelectric transducers (PZTs) to operate at their resonant frequencies for adequate depth of modulation.
This report describes improvements in both the optics and signal pro-* cessing of such an interferometer, with major objectives being reductions in cost and set-up time, and an increase in ease of operation. A new datareduction feature is time information, in recognition of the fact that low thermal expansion values are significantly modified by the samples' finite * thermal diffusivity and internal stress-relaxation mechanisms (such as micro-
*:
cracking or plastic flow in composite materials). (1)
%-
II. DILATOKETER DESCRIPTION
A. OPTICS
The factor of 2 comes from the fact that the optical path is twice the geo- case, short-focal-length lenses 3 are symmetrically positioned (for equal heat *effects) to focus the beams on both sample and reference-mirror surfaces.
Preferably, the normal dispersion of a single-frequency He-Ne laser beam can be modified with lenses or collimators to achieve focus on the sample ends without the need for lenses in the vacuum chamber.
B.
SAMPLE SUPPORT
The sample-support system required to maintain the axis of the sample parallel to the laser beams between the PZT mirrors ( Fig. 1) has been -described.
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The end faces of the sample must be flat and perpendicular to 
|A-
changes in the external optics. The major source of error is the air paths
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The temperature-induced change in optical path length (OPL) is
1a a
where l a and lb represent the mechanical connections and air distances, respectively, and a the CTE of the total support system. The largest term is 3n/3T of air, about -9.33 x 10 -7 K7 1 in the vicinity of 22*C, 50Z R.H., and 1000 mb. to 4C/day. For more precise work, these components (B and P) can be moved *into the vacuum chamber.
The reference mirror support (e.g., Zerodur) is shielded from temperature excursion, and a conservative error is
Temperature gradients in the support table could cause bowing and a change of "i relative to P.
2,3
This error, equivalent to AL~ in Eq. 
III. SIGNAL PROCESSING
The fringe patterns are initially analyzed with S/P beam splitters and silicon photodiodes (Figs. I and 3) . The PhotopT M UDT-455 detector/amplifier system (Silicon Photodetector Corp.) produces a voltage output that is typically *5 V with a good reflection and a 0.5-mW single-frequency He-Ne laser.
-This signal can be monitored in two ways, with either a dc or an ac approach, -and in both cases the photodetector signals are applied to the x-y inputs of two oscilloscopes. A X/2 fringe translation produces a 360° trace that is usually elliptical and can be adjusted with X/4 plates. In the dc approach, either signal from each interferometer is plotted directly on a strip chart recorder. A third pen is used to record temperature.
Air is briefly introduced into the vacuum chamber and the direction of signal motion around the ellipse on the scope is recorded and correlated with *the strip chart motion. An increase in the index of refraction is equivalent to an increase in the longer arm of each interferometer. This is equivalent, in turn, to reducing the shorter arm if "n" remains constant, and this establishes the direction of motion on each sample end face. This method allows for continuous tracking of very weak signals, the limit being determined by sample vibrations caused by the mechanical vacuum pump.
The major drawback is that readjustment of the optics after a signal is lost may switch the polarizations and hence the apparent direction of sample movement. The signals are also unsuitable for automatic data processing.
Even if the sample expands or contracts linearly with temperature and time, the individual end faces will move in arbitrary directions as a result of the friction caused by the sample weight on its supports. Continuous analysis of " all four photodetector signals would yield sample expansion data only if the signal amplitude were constant (which is rarely the case because of the small * sample motions involved). Nevertheless, this method allows an operator to extract all the needed phase information after the experiment, from the "-sinusoidal traces on the chart. 
~
An ac method was developed that requires only that the operator occasionally adjust the optics to maintain a minimum ellipse size on the oscilloscopes. This minimum size depends on the signal-to-noise ratio (which is related to sample reflectance, beam alignment, and sample vibrations). Below the minimum size the counter (described below) starts skipping counts, a phenomenon that is readily detectable from a discontinuity on the strip chart recorder.
A microprocessor can be readily programmed to correct for a discontinuity. The range of useful signal amplitudes varies typically from *5 V to a few mV. If a minimum signal cannot be regained by adjustment of the optics (e.g. mirrors B and P), the switch "S" in Fig. 4 converts over to the dc system and the dc offset is adjusted manually.
In the ac method, the PZTs in Fig. 1 Figure 3 illustrates schematically the automated ac counting system.
This consists of (a) a signal conditioner (Fig. 4), (b) clippers (Fig. 5) , and (c) quadrature counters with digital-to-analog (D/A) converters (Fig. 6) . The latter provide data suitable for microprocessor analysis (see Section V).
The signal conditioner consists of a three-stage signal-conditioning network. The photodetector output has both ac and dc components. The 22-VF capacitor cancels out the dc level when switch "S" is closed, so that the ac components will be centered around ground. This is a high-pass filter that eliminates signals <0.5 Hz. The next stage is a noninverting variable-gain amplifier that sets the conditional signal at any desired level. This is -followed by a third-order low-pass filter that cancels out all frequencies In the A quad B counter (Fig. 6) , the square waves are time and phase .. analyzed by a series of one-shots and logic gates. The one-shots respond to "-the signal quadrant crossings by producing short pulses at the square-wave -signal transitions* These pulses are directionally routed by the logic steering gates into the appropriate up or down counter inputs. With the aid " of Boolean algebra 14 in Fig. 7 , it can be shown how the logic steering gates . -x ... ,.. .... ,, .... ...... .....-... -6 '-. .. .. .-..-,.,-, -. , , . -. , , * . , S.
Figures 9 and 10 represent the counter output when a mirror was placed against the window of one interferometer (Fig. 1) and a dc voltage was applied to the PZT (Burleigh PZ40), thereby moving the mirror P at -45* to the beam.
The counter was set at 10 mV -A/2 -3164 A by calibration with 360* circle rotation on the scope. The change in optical path-length difference (OPLD),
proportional to the counter output, is given by
AOPLD -104 V(sine) -I (7)
where 0 is the PZT characteristic (-0.015 pm/V) and e the beam incidence angle on mirror P. Figure 9 shows that the output corresponds initially to 8 -45, but its curve is nonlinear and typically also shows hysteresis on voltage reversal. Further improvements in both accuracy and resolution are possible by using nonmechanical vacuum pumps alone, optical isolators for the lasers, improved line voltage, stabilization, and precise design of the Bi path, to minimize the effects of ambient air-temperature fluctuations.
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